n a p a 3 m t o <n o r h a, 25, 4, 1991 


yUK 576.895.122 : 577.154 
© 1991 

AKTHBHOCTb H CBOHCTBA U,HT030JlbH0H nHPyBATKHHA3bl 
H3 TPEMATOAbl ISOPARORCHIS HYPSELOBAGRI 

A. IO. XaiwaTOBa 

H3yqeHbi aKTHBHOCTb h CBOHCTBa nnpyBaTKHHa3bi H3 uhto30jih TpeMaTOAbi Isoparorchis hypselo- 
bagri. npe^nojiaraeTCH, mto nHpyBaTKHHa3a pnryjiHpyeT HanpaBjieHHOCTb rjiHKOjiH3a y stoh TpeMaTOAbi. 


llHpyBaTKHHa3e (I1K) otboahtch KjnoneBaH pojib b peryjinuHH rjiHKOJiH3a — 
OCHOBHOM HCTOMHHKe 3HeprHH y reJIbMHHTOB. AKTHBHOCTb I1K y napa3HTHHeCKHX 
nepBeft, aAanTHpoBaHHbix k aHaapoOHbiM ycjiOBHHM, HH3Ka no cpaBHeHHio c rejibMHH- 
tbmh, o6HTaK)mHMH B a3po6Hbix ycjiOBHHx (Ward e. a., 1968; Bosshe e. a., 1971; 
Barrett, Beis, 1973; Anya, Umezurike, 1978). 

Bioahht h Ca3 (Bueding, Saz, 1968) npe/uiojio^HjiH, hto y Schistosoma 
mansoni, Hymenolepis diminuta h b Mbiumax Ascaris HanpaBjieHHOCTb rjiHKOJiH3a 
peryjinpyeTcn cooTHomeHHeM aKTHBHOCTeft ab yx KOHKypnpyiomHx Apyr c ApyroM 
cf)epMeHTOB : I1K h (| 30cc|303H0JinHpyBaTKap60KCHKHHa3bi (03I1KK), npeBpamaio- 
mnx oahh h tot >Ke cyOcTpaT, cj}oc4)03Ho.jinHpyBaT (0311). Y rejibMHHTOB-aapoOoB 
OTHomeHHe aKTHBHOCTeft riK k 0311KK 3HanHTejibH0 Oojibine eAHHHUbi; y bhaob, 

y KOTOpbIX TJIHK0JIH3 HACT Hepe3 npHCOCAHHCHHe CO 2 K 0311, OHO MeHbUie 1. 

BpnaHT (Bryant, 1972) noKa3aji, hto HanpaBjieHHe rjiHK0jiH3a y uecTOAbi 
Moniezia expansa TaK>Ke MO>KeT KOHTpojiHpOBaTbcn aKTHBHOCTbio 11K. OepMeHT 
H3ynaAH y TpeMaTOA Dicrocoelium dendriticum (Kohler, 1974), Fasciola hepatica 
(Prichard, 1976; Behm, Bryant, 1980), Eurytrema pancreaticum (BypeHHHa, 
1984), Calicophoron ijimai (HpbirHHa h a p., 1986); JieroHHbix HeMaTOA Dictyocau- 
lus viviparus (Vaatstra, 1969) h Rhabdias bufonis (Anya, Umezurike, 1978). 

H XOTH BO MHOTHX paOOTaX yKa3bIBaeTCH ypOBeHb aKTHBHOCTH 11K, AHLUb B HeKOTO- 
pbix H3 hhx H3ynajiH KHHeTHKy ^epMeHTa. 

UejIbK) HaniHX HCCJieAOBaHHH HBHJIOCb H3yneHHe aKTHBHOCTH H CBOHCTB 11K 
H3 TpeMaTOAbi Isoparorchis hypselobagri. 

MATEPHAJlbl H METOAbI 

TpeMaTOA Isoparorchis hypselobagri (Billet, 1898) (Trematoda: Isoparorchi- 
dae) H 3 BJieKajiH H3 njiaBaTejibHoro ny 3 bipn comob Silurus soldatovi h Parasilurus 

asotus , BblJIOBJieHHbIX H3 03. XaHKa. TeJIbMHHTOB npOMbIBaAH AHCTHJIJIHpOBaHHOH 
boaoh, noAcyuiHBajiH (jjHjibTpoBajibHOH 6yMaroft h B3BeuiHBajiH. ToMoreHH3auHK) 
npoBOAHJiH b CTeKJiHHHOM roMoreHH3aTope b jieAHHOH cpeAe, cocTonmen H3 0.1 M 
Tpnc-HCl Oycpepa pH 7.5, 0.25 M caxapo3bi h 0.005 M 3J4TA. nojiyneHHbiH tomo- 
reHaT ueHTpHcjiyrnpoBajiH b pecj)pH>KepaTopHOH ueHTpH(j3yre npn 1000 g b TeneHHe 
15 mhh. OcaAOK OTOpacbiBajiH, a cynepHaTaHT (J)HjibTpoBajiH nepe3 MejibHHHHbift ra3 
h peueHTpHcj^yrnpoBajiH npn 12 000 g b TeneHHe 30 mhh. nojiyneHHbiH HHT030Jib 

Hcnojib30BajiH aah onpeAejieHHH aKTHBHOCTH (J)epMeHTa. 
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AKTHBHOCTb nK (HO 2.7.1.40) onpe^ejinjiH MerojxoM Bioxepa h IlcjMeHAepepa 
(Bucher, Pfleiderer, 1955) no H3MeHeHHio onTHnecKon njiOTHOCTH peaKUHOHHon 
CMecn npn 340 hm b TeneHne 3 mhh Ha cneKTpoc})OTOMeTpe CO-16. nojiHan peaKunoH- 
Han CMecb b kohchhom o6T>eMe 3 mji co^ep>Kajia b mM: Tpnc-HCl 6yc})ep pH — 
7.5—50, KC1 — 75, AHO — 1 c Mn ++ hjih 2 c Mg ++ , MnCb — 1 hjih MgCK — 2, 
03n — 0.5 c Mn ++ hjih 2 c Mg ++ , HAflH — 0.2, OBO — 0.4, JlJir — 3.6 OE, 
3H3HMHbiH 6ejiOK 0.4 — 0.6 mt. PeaKUHio HaHHHajiH Ao6aBjieHneM cyScTpaTa. Akthb- 
HOCTb Bbipa>KajiH b hmojihx npeBpameHHoro cybcTpaTa b mhh Ha Mr 6ejiKa. /Xjih 
paCHeTa aKTHBHOCTH HCnOJlb30BaJlH MOJIHpHblH K03(})(})HUHeHT 3KCTHHKUHH nHpHJtHH- 

AHHyKjieoTHAOB (Horecker, Kornberg, 1948). Ka>KymnecH KOHCTaHTbi Mnxasjinca 
(K m ) onpejtejiHJiH rpac})HqecKH mctoaom abohhmx obpaTHbix bcjihhhh no JlaHHyn- 
Bepy-BspKy. BejiOK onpejtejiHjiH no MeTOjty Jloypn (Lowry e. a., 1951), Hcnojib3yn 
6bIHHH CbIBOpOTOHHblH ajIb6yMHH AJIH nOCTpOCHHH CTaHJtapTHOH K3JI H6pOBOHHOH KpH- 
boh. nojiyneHHbie jtaHHbie o6pa6aTbiBajin CTaTHCTHHecKH (AcaTnaHH, 1965). 

PE3YJ1 bTATbl 

AKTHBHOCTb HK c HOHaMH Mn ++ cocTaBJineT 44.6+2.2 hmojih, Torjta Kan 
aKTHBHOCTb (})epMeHTa C HOHaMH Mg + + 55.2 + 2.4 HMOJIH. npOHBJieHHH aKTHB- 

hocth (j^epMeHTy Tpe6yiOTCH ojmoBajieHTHbie h AByBajieHTHbie KaTHOHbi (pnc. 1). 
Mg ++ 6ojiee 3(})4)eKTHBHbiH AByBajieHTHbiH KaTHOH, neM Mn ++ . 3aMeHa ero Ha 
Mn ++ CHH>KaeT aKTHBHOCTb (})epMeHTa Ha 23 %. 0.4 mM OBO HecKOjibKO cHH>KaeT 
aKTHBHOCTb (JiepMCHTa C Mn + + , HO aKTHBH3HpyeT Mg ++ -3aBHCHMbIH (})epMeHT 
(cm. TadJiHuy). HacbimeHne Mg ++ HacTynaeT npn KOHueHTpaunn ero b npo6e 
2 mM; K m( M g ++) cocTaBJineT 0.093 mM, a HacbimeHHe Mn ++ HacTynaeT npn 1 mM; 

Km (Mn + + ) — U.IO mM. yAaJieHHe H3 CHCTeMbI AByBaJieHTHbIX KaTHOHOB CHH>KaeT 
aKTHBHOCTb HK nOHTH HanOJIOBHHy, Ha CTOJlbKO >Ke CHH>KaeT aKTHBHOCTb H BblBe- 

AeHne K + . 

OnTHMyM pH ajih nK c Mn ++ coeraBJineT 6.5, a c Mg ++ 7.0. AKTHBHOCTb (j)ep- 
MeHTa MeHHjiacb He3HanHTejibHO b HHTepBajie pH 6.0—7.5, hto OTMenajiH paHee 
HpbirHHa h a p. (1986) ajih TpeMaTOjtbi Calicopcophoron ijimai. 



Pnc. 1. BjIHHHHe KOHUeHTpaUHH HOHOB Mn + + H Mg + + Ha aKTHBHOCTb nK. 3^ecb H Ha pHC. 2, 3: BHyTpH 

rpa(j)HK ABOHHbIX odpaTHbIX BeJIHHHH. 

no OCH a6cU,HCC — KOHUeHTpaUHH HOHOB Mn ++ (/) H Mg + + ( 2 ) B mM; no OCH Op^HHaT— aKTHBHOCTb nK 

b hmojihx HAa,H/MHH/Mr 6ejiKa. 

Fig. 1. The effect of concentration of the ions Mn ++ and Mg ++ on the activity of PK. 


6 napa3HTOjiorHH, N° 4, 1991 r. 
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KcxjjaKTopHaH cneumjjHqHOCTb PIK H3 Isoparorchis hypselobagri 
Cofactor specificity of PK from Isoparorchis hypselobagri 


Ycjiobhh 

CneuH(J)HHecKaH 
aKTHBHOCTb * 

Ycjiobhh 

CneuH^HqecKaH 
aKTHBHOCTb * 

riojiHan cHCTeMa (Mn ++ , K + , 

100 ( 27 ) 

—A £ 0 , +HUO 

69.1 ( 3 ) 

<D 3 n, Jl^r, A/ta>) +<DB<t> 

87.9 ( 15 ) 

—AflO, — Mn++, +HA 4 >, 

59.0 ( 3 ) 

—Mn ++ +Mg ++ 

123.8 ( 9 ) 

+Mg++ 

—Mn ++ , -j-Mg ++ , +050 

140.8 ( 27 ) 

-a n<t>, +r/i<D 

69.5 ( 3 ) 

—Mn ++ 

56.9 ( 3 ) 

—AflO, —Mn++, + I\a<D, 

55.7 ( 3 ) 

-K + 

48.3 ( 3 ) 

+Mg++ 

— 03 n 

0.0 ( 3 ) 

+4 mM AT 0 

0.0 ( 3 ) 

-mr 

0.0 ( 3 ) 

+5 mMTT 0 

29.7 ( 3 ) 

-AU 0 

38.2 ( 3 ) 

+5 mM HT 0 

35.4 ( 3 ) 

—A J\<&, —Mn ++ , +Mg ++ 

8.3 ( 3 ) 

-j -4 mM ajiaHHH 
+4 mM MajiaT 
+4 mM MajiaT, —Mn ++ , 
+Mg++ 

100 ( 6 ) 

85.7 ( 6 ) 

91.1 ( 6 ) 


n p h m e h a h h e. * Bbipa>KeHa b npoueHTax ot aKTHBHOCTH nojiHofi cncTeMbi 


CKOpOCTb 3H3HMaTHMeCKOH peaKUHH 33BHCHT OT KOHIteHTpaUHH CyfiCTpaTa, 
KOTopbiM cjiy>KHT 03FL HacbimeHne 0311 HacTynaeT npn KOHueHTpaunn ero 
0.5 mM c Mn ++ h 2 mM c Mg ++ . XapaKTep HacbiiueHHH cyOcTpaTOM c o6ohmh 
K aTHOHaMH rnnepOojiHMecKHH (pnc. 2). OepMeHT HMeeT OTHOCHTejibHO HH3Koe 
cpo^cTBO k 0311. Ka>KymaHCH K m jxj ih 03F1 c Mn ++ cocTaBjineT 0.05 mM, 
a c Mg ++ 0.25 mM. 

J\j\n npoHBJieHHH aKTHBHOCTH (pepMeHTy TpeOyeTCH Hajinune uHHyKjieoTHuoB. 
HaHdojiee scjxpeKTHBHbiM uHHyKjieorauHbiM Koc^aKTopoM HBJineTCH A,H<t>. Bbmeue- 
HHe ero H3 cncTeMbi CHH>KaeT aKTHBHOCTb FIK Ha 62 % b cjiynae c Mn ++ -3aBHCHMbiM 
(J)epMeHTOM h Ha 92 % c Mg ++ -3aBHCHMbiM. T/IO h WJ\<3> AeftcTBOBajiH Ha $ep- 
MeHT npHMepHO ouHHaKOBO. 3aMeHa AJX<& Ha h HUO conpoBO>Kuajiacb naue- 

HHeM aKTHBHOCTH Ha 30 %, KOr^a Mn + + npHMeHHJICH KaK UByBaJieHTHblH KaTHOH. 
npn npHMeHeHHH KaTHOHOB Mg + + 3aMeHa AJ\<& Ha WJ\<& h KUO CHH>Kajia aKTHB- 
HOCTb nK Ha 40 % (cm. Ta6jIHUy). KpHBbie 3aBHCHMOCTH CKOpOCTH peaKUHH OT 
KOHueHTpaunn Ajj,0 hmcjih rHnepSojiHHecKHH xapaKTep (pnc. 3). Km ujih AJ\® 
c H0H3MH Mn ++ cocTaBJiHjia 0.167 mM. CpoucTBO (f>epMeHTa k A H<& c hoh3mh 
Mn ++ b jxb 3 pa3a Bbirne, neM c hoh3mh Mg ++ , K m ujih A,HO c hoh3mh Mg ++ 
cocTaBJiHjia 0.33 mM. 

FIK nyBCTBHTejibHa k HHrnOHpOBaHHio Tpnc|)oc(|)aTaMH. Han6ojiee scj^cpeKTHB- 
HblMH OKa 3 aJlCH ATO, KOTOpblH B KOHU,eHTpaUHH 4 mM nOJIHOCTblO HHTH6HpOBaJl 

aKTHBHOCTb cpepMeHTa. HTO HHrHSnpoBaji cpepMeHT Ha 35 %. ITO Ha 30 h 52 % 

C H0H3MH Mn r+ H Mg + + COOTBCTCTBCHHO. AjiaHHH B T3K0H >Ke KOHIteHTpaUHH 
He HHTH6HpOBaJl aKTHBHOCTb (pepMeHTU, TOr^a KaK MaJiaT HeCKOJlbKO CHH^aJl CKO- 
pOCTb 3H3HM3THHeCKOH peaKUHH. 

OBCy>KAEHHE 

AKTHBHOCTb Y\K y pa3J!HHHbIX napa3HTHHeCKHX HepBeH CHJIbHO BapbHpyeT. 
y Schistosoma mansoni , ochobhoh npouyKT (pepMeHTaunn KOTopbix — jiaKTaT, 
aKTHBHOCTb OK BbicoKa h uocTHraeT 1150—2030 hmojich/mbh/mt SejiKa, b to BpeMH 
KaK Ascaris lumbricoides , KOTopbie npouyunpyiOT cyKUHHaT, ofijiauaiOT oueHb 
hh 3 koh aKTHBHOCTbio UK — 7.0 HMOJieH. Hymenolepis diminuta , npouyunpyioiuHe 
KaK cyKUHHaT, TaK h 3aMeTHbie KOJinuecTBa JiaKTaTa, 33HHMaiOT npoMe>KyTOHHoe 
nojio^eHHe. Akthbhoctb nK y hhx cocTaBJineT 105 HMOJien (Bueding, Saz, 1968). 
AKTHBHOCTb nK y TpeMaTOUbi Eurytrema pancreaticum (BypeHHHa, 1984) paBHa 
99.6 HMOJien, y Calicophoron ijimai 60.3 HMOJieH (HpbirHHa h up., 1986). 

Isoparorchis hypselobagri HMeeT cjio>KHbiH >KH 3 HeHHbiH uhkji. MapHTbi o6HTaiOT 
b njiaBaTejibHOM ny3bipe coMa h, no npeunojio>KeHHio Chuhkh h HH 3 aMH (Siddiqi, 
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PhC. 2. BjIHHHHe KOHUeHTpaUHH 0311 Ha aKTHBHOCTb nK. BHyTpH rpa(()HK ABOHHbIX o6paTHbIX BejIHHHH. 

1 — Mn ++ - 3 aBHCHMaa FIK; 2 — Mg ++ - 3 aBHCHMaH FIK; no och adcuncc — KOHH,eHTpau,HH 0311 b mM; no och 
op^HHaT — aKTHBHOCTb FIK b hmojihx HAAH /mhh/mt 6 eJIKa. 

Fig. 2. The effect of concentration of PEP on the activity of PK. 


Nizami, 1975), hbjihiotch aapo6aMH. IlosTOMy mo>kho 6biJio o>KHAaTb y hhx, KaK 
h y Apyrnx rejibMHHTO-aapoSoB, HajmqHe BbicoKoaKTHBHoft nK- OAHano aKTHB¬ 
HOCTb c^epMeHTa 6buia OTHOCHTejibHO hh3koh h cocTaBjinia 44.6 hmojich c hoh3mh 
Mn + + H 55.2 HMOJIH C HOHaMH Mg + + . B03M0>KH0, 3T0 06T>HCHHeTCH TeM, HTO 
3apa>KeHHe comob H3onapopxncoM nponcxoAHT npn noeAaHHH pbi6, HHBa3HpOB3H- 
HblX Me30UepKapHHMH, >KHBym.HMH B yCJIOBHHX Ae^HUHTa KHCJIOpOAa B nOJIOCTH Tejia 
pbi6. 

nK H3onapopxHCOB 6ojiee aKTHBHa c hoh3mh Mg ++ , qeM c hoh3mh Mn ++ . 
no jiHTepaTypHbiM AaHHbiM, AByBaieHTHbie KaTHOHbi no-pa3HOMy bjihhiot Ha nK 
H3 TKaHeft qepBeft. BojibuiHHCTBO H3yqeHHbix rejibMHHTOB hmciot nK, 6ojiee aKTHB- 
Hyio c HOHaMH Mn + + . 3to h Calicophoron ijimai (HpbirHHa h a p., 1986), h Monie- 
zia expansa (Bryant, 1972), h Dicrocoelium dendriticum (Kohler, 1974). Jlnuib 
y LUHCT030M aKTHBHOCTb 4>epMeHTa c Mn ++ 6bijia BABoe HH>Ke, qeM c Mg ++ . 
Mn ++ BbicoK03({)({)eKTHBeH h jxj\h nK Fasciola hepatica (Prichard, 1976), Mg ++ 

B OTCyTCTBHe OBO MaJ103(})(})eKTHBeH. O^HaKO npH A 06 aBJieHHH OBO aKTHBHOCTb 
nK c Mg ++ He3HaqHTeAbH0 OTJinqaeTCH ot TaKOBOH b npncyTCTBHH Mn ++ h OBO. 
HpbirHHa h Apyrne (1986) OTMeqaiOT CHJibHbifi CTHMyjiHpyiomHH 3(f)(f)eKT OBO Ha 




US] 


PhC. 3. BjIHHHHe KOHUeHTpaUHH AJXO Ha aKTHBHOCTb nK. BHyTpH rpa(j)HK ^BOHHblX OdpaTHbIX BeJIHHHH. 

1 — Mn ++ -3aBHCHM3H FIK; 2 — Mg ++ -3aBHCHMan FIK; no och a6cn,Hcc — KOHUeHTpaUHH AAO b mM; no och 
op.n,HHaT — aKTHBHOCTb FIK b hmojihx HAAH/mhh/mt 6ejiKa. 

Fig. 3. The effect of concentration of ADP on the activity of PK. 


6 * 
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Mg ++ - 3 aBHCHMbiH (J)epMeHT y Calicophoron ijimai , Torjta KaK Ha Mn ++ -3aBHCHMbiH 
(J)epMeHT OBO He bjihhji, ojmaKO yBejiHMHBaji cpoactbo nocjiejuiero k <t>3n. Akth- 
BauHH (J)epMeHTa OBO Hafijuojtajiacb Taione h y jtpyrHx rejibMHHTOB (Bryant, 
1972; Kohler, 1974; McManus, 1975; Prichard, 1976). 

JL Uh FIK H3 Isoparorchis hypselobargi , Tax me KaK h jtpyrnx rejibMHHTOB 
(Bryant, 1972; McManus, James, 1975; Prichard, 1976; Behm, Bryant, 1980; 

HpbirHHa H AP-, 1986), AJIH npOHBJieHHH MaKCHMajIbHOH aKTHBHOCTH Heo6xoAHMO 
npncyTCTBHe HyKjieoTHAOB, jiyquiHM H3 KOTopbix 6biji A£[,0. OepMeHT He OTjmqaeTcfl 
CTpOTHMH Tpe 60 BaHHHMH K ^HHyKJieOTH^HOMy KO(J)aKTOpy. Oh aKTHBeH H C r XtO, 
H C H/IO, HO aKTHBHOCTb FIK C 3THMH HyKJieOTH^aMH CHH>KajiaCb Ha 30—40 %. 

no OTHOmeHHK) K pa3JIHMHbIM MOJtyjIHTOpaM nK H3 H30napopXHCOB OMeHb 
noxo>Ka Ha nK H3 Calicophoron ijimai (HpbirHHa h jx p., 1986). L-ajiaHHH no-pa 3 - 
HOMy BjiHneT Ha aKTHBHOCTb cj)epMeHTa y rejibMHHTOB. Ha nK H3 Moniezia expansa 
(Bryant, 1972) h Ligula intestinalis (McManus, 1975), Calicophoron ijimai 
(HpbirHHa h jx p., 1986) oh bjihhhhh He OKa3biBaji, TaK >Ke xax h Ha H3yqeHHbix 
h3mh Isoparorchis hypselobagri , b to BpeMH KaK cfiepMeHT H3 Microphallus similis 
(McManus, James, 1975) UHruOnpoBajicH L-ajiaHHHOM. 

nK I. hypselobagri cjierKa HHrHOnpoBajiacb MajiaTOM h 3HaqHTejibHO Tpn- 
(J)oc(J)aTaMH, TaK >Ke KaK h c|)epMeHT H3 Fasciola hepatica (Kohler, 1976), Calico¬ 
phoron ijimai (HpbirnHa h jx p., 1986) h Apyimx rejibMHHTOB. 

nK H3 H3onapopxHcoB no cbohm cbohctb3m 33HHMaeT npoMen<yToqHoe nojio- 
>KeHHe Me>KAy nR-1 h nK-III. C nK-III (MycKyjibHon) ee c6jin>KaiOT rnnepOojiHqe- 
CKafl KHHeTHKa HaCbimeHHH CyOCTpaTOM H KO(j)aKTOpaMH H OTCyTCTBHe cTporHx 
Tpe6oB3HHH k HyKjieoTHjjHOMy KocJ)aKTopy. Ha cxoactbo c nK-I (neqeHoqHon) 
YKa3bIBaeT OTHOCHTejIbHO HH3K3H CneUH(J)HqeCKa5I aKTHBHOCTb, HH3KOe CpOACTBO 
k 03n, peryjmuHH OBO, qyBCTBHTejibHOCTb k HHrHOnpoBaHHio ATO. H3BecTHO, 
HTO nK- I HBJIHeTCH Ba>KHOH KOHTpOJIbHOH eAHHHUeH B TJIHKOJIH3e, nOSTOMy MO>KHO 
npeAnojio>KHTb, hto nK H3onapopxHcoB Mo^eT 6biTb OTBeTCTBeHHa 3a peryjiHpo- 
BaHHe rjiHKOjiH3a y stoh TpeMaTO^bi. 
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ACTIVITY AND PROPERTIES OF CYTOSOLE PYRUVATE KINASE FROM THE TREMATODE 

ISOPARORCHIS HYPSELOBAGRI 

A. Ju. Khamatova 
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SUMMARY 

Activity and properties of pyruvate kinase (PK) from the cytosole of the trematode Isoparorchis 
hypselobagri have been studied. It has been shown that PK can be responsible for the regulation of 
glycolysis in these worms. To display its activity the enzyme needs substrate, dinucleotides, univalent 
and bivalent kations. The activity with the ions Mg ++ was higher than that with the ions Mn ++ . 
PK was inhibited by ATP and malate. L-alanine did not inhibit the enzyme. 
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